Abstract-In this paper we investigate the influence of the location of vibrotactile stimulation in triggering the response made using two handheld joysticks. In particular, we compare performance with stimuli delivered either using tactors placed on the palm or on the back of the hand and with attractive (move toward the vibration) or repulsive prompts (move away from the vibration). The experimental setup comprised two joysticks and two gloves, each equipped with four pager motors along the cardinal directions.
I. INTRODUCTION
Joysticks are often used as input devices to remotely operate a machine or a robot in master/slave configuration. Even though they have been conceived in the 60s, they can still find application in many different fields: excavators, cranes, forklifts, electric-powered wheelchairs, robot telemanipulation and micromanipulation. Concerning robot telemanipulation, joysticks are employed in considerable tasks such as, for example, robots for surgery or robotic systems for missions in orbit or for planetary exploration.
Joysticks large diffusion and flexibility of applications are due to the fact that they are reliable, ergonomic (operator's elbows lay on armrests), cost-affordable, ideal for rugged applications and, to certain extension, intuitive to operate. In fact, if the manipulator is controlled in such a way that there is a direct correspondence between each joystick Degree of Freedom (DoF) and each manipulator joint position or velocity, the mapping between the DoFs of the slave manipulator and the DoFs of the joysticks are counterintuitive. This is because the inverse kinematic calculation, from the DoFs of the manipulator to the DoFs of the joystick, is mentally demanded. Because of the counterintuitive and demanding cognitive mapping processes, candidate users of joysticks require long-time training sessions to acquire the skills needed to operate in a safe and efficient way. Training can be performed on the field but it is an approach that raises several safety and cost issues. For these reasons in the last decades several training simulators, especially in the field of heavy equipment (mostly excavators [1] [2] and cranes [3] [4] ), have been developed. The training is usually based on trial-and-error sessions where a skill instructor supervises and gives verbal instructions. At the present time, vibrotactile stimulations have never been provided during joysticks motion training in order to prompt the subject.
On the other hand, vibrotactile feedback systems have been applied in several different fields, for example in sports, to improve athletes performances; in rehabilitation, to recover lost motor functions as quickly and permanently as possible; in navigation and orientation, in order to reduce the workload of visual and auditory systems [5] . In sports, tactile displays applications can be found in soccer [6] , skating and cycling [6] , dancing [6] [7] , rowing [6] [8] and snowboarding [9] . A vibrotactile feedback system, combined with motion capture, has been developed also in the field of music in order to support the teaching of good posture and bowing technique to novice violin players with important results [10] . Several studies have shown the efficacy of vibrotactile feedback also during stroke rehabilitation [11] [12] [13] and gait retraining [14] . Vibrotactile displays can also support navigation and orientation while walking [15] [16] [17], driving [18] and operating in a helicopter cockpit [19] . Furthermore, vibrotactile stimulations to the torso have been used to indicate directions in a virtual environment in combination with joystick manipulation [20] .
Two possibilities for providing instructional stimulations have been studied: attractive, for which a subject is instructed to move toward the vibration, and repulsive, for which a subject is instructed to move in the opposite direction with respect to the vibration felt.
Attractive stimulation has been applied during walking in pedestrian guidance [15] Up to now, only few studies have compared the effects of attractive versus repulsive instructional cues. In the study of torso vibrotactile feedback on balance performance participants performed better when using repulsive cues [29] . Similar results have been obtained in the examination of anterior-posterior trunk movements [30] . In the experiments on an arm guidance system for use in rehabilitation, no strong preference or performances differences between attractive and repulsive tactile feedback was found [31] . In contrast, the attractive mode proved to be more intuitive for initiating left and right wrist rotations [32] .
No studies on the effects of attractive versus repulsive vibrotactile stimulation for prompting joysticks motion have been performed until now. The aim of this work is to establish whether an attractive stimulation gives better results than a repulsive one in a joysticks training session, in terms of correct responses and reaction times during a test. At the same time, we investigate whether a vibration stimulating the back of the hand is more efficient than a vibration provided by the joystick and stimulating the palm of the hand.
II. METHODS

A. Participants
In this study, participants were recruited among the population of students and professors of the University of Trieste. A total of 53 people (40 males, 13 females) participated, ranging in age from 20 to 45 years with mean of 25.1 and standard deviation of 4.1. All participants have been subjected to the Handedness Questionnaire [33] in order to calculate their Laterality Index (LI); fifty of them were mainly right-handed, the other three left-handed.
The right hand span of each subject was measured before the experiment and a value of 20.9 ± 1.8 em was found.
Six participants had a previous practice with flight simulator joysticks, five of them had experience in the driving of an excavator by means of joysticks and forty three subjects had practice with video game console before. None of the subjects involved in the experiment had a mobility disorder of upper limbs, twenty six of them were wearing glasses. The University of Trieste Ethics Committee approved the experimental protocol and each participant gave informed consent prior to starting the tests.
B. Experiment apparatus
The experimental setup is composed of two joysticks, two gloves and a data acquisition device connected to a computer. Each joystick (Fig. lea) ) and glove (Fig. l(b) ) is equipped with four vibrating disk motors to induce the vibrotactile stimuli. The vibrating motors are simple coin electric actuators with a diameter of 10.0 mm and a thickness of 3.0 mm. They operate at a rated voltage of 3 V and provide a vibe force with an amplitude of almost 1 9 and a frequency of 200 Hz, drawing less than 90 mA. The four vibrating motors are placed on the gloves so as to form the sign of a cross when the hands grasp the joysticks.
For the experiment two video game joysticks by Speedlink, model WASP SL-66l2, are used. Inside each joystick two resistive potentiometers are present, which are able to detect the motion of the sticks in the four directions and send four analogue signals to the data acquisition device. The original stick has been replaced with a handle in teflon, which incorporates a foam rubber ring on which the four vibrating motors are placed, in order to avoid the transmission of the vibration to the whole stick during the tests. All vibrating motors input wires are contained in the sticks and are connected, by means of a DE-9 connector, to the power circuit. 
C. Data acquisition setup
The data recorded by the potentiometers are logged into a specific portable acquisition device (MyRIO-1900 by National Instruments). For this purpose a real-time control system has been developed in LabVIEW™ environment. The data acquisition device is also used to control the activation of the vibrating motors during tests, switching on and off the 3 V power by means of digital outputs. During each test the four analogue signals from the potentiometers and the boolean value (on/off) of each vibrating motor are acquired at a sampling rate of 1 KHz and saved in an output file. MyRIO is connected to a computer by means of a USB cable. On the PC runs a graphical user interface, thanks to which it is possible for the experimenter to select the test to perform, start the experiment, abort it and control its correct execution.
D. Test protocol
All participants completed four different vibrotactile instructional cues, two provided from the vibrating motors placed on the joysticks and stimulating the palm of hands in attractive and repulsive mode, two provided from the gloves vibrating motors and stimulating the back of hands in both modalities. For the sake of simplicity, these four different tests have been called Attractive Joystick, Repulsive Joystick, Attractive Glove and Repulsive Glove. In Tab.! an example for each of the four tests is reported. Each of the four tests is composed by 16 vibrotactile stimulations provided in a different random order: two for each main direction (Forward, Backward, Right and Left) of the two hands. Each stimulation consists of a 200 ms single vibration: the attractive mode is intended to induce the motion of the joystick in the direction of the delivered vibration, whereas the repulsive mode should induce the motion of the joystick in the opposite direction to the one from which the vibration comes from. Each stimulus was delivered at only one hand at a time. The four tests are completed by participants in random order by alternating the attractive and the repulsive modalities, so as to avoid that the results were distorted by the progressive learning of the subjects.
Before the start of the experiment, subjects were informed about the tests and they were asked about personal information for statistical purposes (age, gender, right hand span length, previous experience with flight simulators, excavators and video game console controlled by means of joysticks, whether upper limbs disorders were present and glasses worn) and they were subjected to Laterality Index questionnaire. Then they were instructed to sit in front of the experiment setup, to handle the joysticks with both hands (wearing gloves or not depending from the test) and listen which test they were going to attend. After that they were instructed to move the joystick related to the stimulated hand in the direction of the vibration (or in the opposite one) as soon as they feel the stimulus. After the movement, they should bring back the joystick in its central position. The vibrational stimulations were dispensed every three seconds, lasting a total of 48 s for each test.
E. Data analysis
Data acquired during the experiments were elaborated in order to find the reaction times and the number of correct movements during each test. A dedicated software for data analysis was implemented in Matlab™ environment. Data elaboration software was able to import results from output files for each of the four tests. Values acquired from each potentiometer ranged between -1 and 1, corresponding to the minimum and the maximum voltage value. In Fig. 2 (a) a graphical representation of an Attractive Glove test is reported. The four graphs show the vibration prompts and the motion of both right and left joystick over time, in the four directions.
The reaction time was computed as the time elapsed between the beginning of the stimulus and the time at which one of the two joysticks potentiometers reached 75% of its range. The threshold was selected before the start of experiments by analysing the results of pilot tests. Such a value avoided recording unintentional movements while it triggered the response before the end of the workspace was reached. In attractive conditions, the response was considered correct if the potentiometer that first passed the threshold was in the direction of the vibration, whereas in repulsive conditions it was in the opposite direction. Fig. 2(b) and 2(c) depict the time line of an attractive and a repulsive trial respectively.
III. RESULTS
A. Correct responses
The proportion of correct responses is not distributed normally (Friedman test p = 0.180). Fig. 3(a) summarises the responses obtained in the four conditions. Responses were more frequently made in the correct direction when tactile cues were delivered using the glove (Wilcoxon twosample paired signed-rank test N = 53; attractive Z = -5.13, p < 0.001; repulsive Z = -5.65, p < 0.001).
There was no coherent difference in the number of correct responses due to attractive/repulsive task demand (Wilcoxon two-sample paired signed-rank test N = 53; glove Z -0.33, p = 0.75; joystick Z = -0.18, p = 0.85).
B. Reaction times
Reaction times are found to be normally distributed across participants (S-K test p = 0.000). Reaction times for incorrect responses is usually higher than for correct responses (paired-sample t-test on average reaction time across conditions t(50) = -2.7, p = 0.0082). • § --* -++ -" .... 
D. Correct responses versus reaction time
In Fig. 4 the correct responses number for each participant related to the mean reaction time in the four different tests is reported together with one interpolating straight line per condition. The graph shows that participants with a high number of correct responses reacted also faster to the stimuli. This relationship may be due to between-subject variability, i.e. skilled subjects are more sensitive to vibrotactile stimuli, causing less errors.
By considering interpolating lines, no information about the comparison between attractive and repulsive modalities can be obtained. The interpolating lines related to Glove tests for both the attractive and repulsive conditions are higher than the associated Joystick conditions, suggesting that vibrotactile stimuli by gloves led to better performance compared to stimulations provided by joysticks.
IV. DISCUSSION
The results presented in this paper indicate that the best way to assist an operator in a joystick guided tasks consists in providing him with haptic prompts delivered on the back of the hands in attractive mode. Indeed, reaction times, for Attractive Glove stimulation, ranges from about 0.5 to 0.9 seconds and they are lower than for other stimulation cases. In this context, stimulations from gloves revealed to be more efficient with respect to the ones from joysticks because vibrating motors placed on gloves, on the back of the hand, are more far apart each other and the stimulated point on the skin is better identifiable. On the contrary, vibrating motors placed on the joysticks are probably too close each other and the direction of the stimulus on the palm of the hand could not be adequately felt. However, gloves should be correctly worn and the vibrating disk should be into contact with the skin. In addiction, a non correct grasp of the joystick could result in a non perfect alignment between the joysticks main directions and the vibrating actuators layout, leading to motions in direction not perfectly correct.
In future, we plan to further investigate vibrotactile stimulation in the training of an operator using joysticks. More vibration schemes could be tested by varying the duration of the stimulus and the actuators location. Furthermore, different types of actuators (e.g. voice coil motors) could be tested in order to improve the localisation ability. In future, a practical training protocol could be developed on the basis of this research results.
V. CONCLUSION
In this paper we presented the effects of vibrotactile stimulation during joysticks motion training. A comparison between attractive and repulsive stimulation has been conducted. Furthermore, we investigate whether a stimulation on the back of the hands is more efficient than the one provided to the palm of the hands. Fifty-three people participated in the experiment.
Results showed that attractive stimulation is significantly more efficient in terms of reaction times with respect to the repulsive modality. Secondly, we found that, by stimulating the back of the hands with gloves, the subjects performed better in terms of both reaction times and number of correct responses, with respect to a stimulation on the palms, provided by joysticks.
